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A Met hod and Apparatus for Elimnating Stall and

Coggi ng I M517 in Milti-phase Stepper Mtors Background
wo@ooBheis8Bhventi on This invention relates to stBQEPES2007/022788

notors such as described within US patent 6, 967, 425

[P S RCY'y M [ ' pper Mt o
AMetﬁgéeaﬂglgpq—%%slngﬁﬁe'g%g@ %‘{' oﬁagfen% and US pQY@H?
in Multj-phigsd StepperiMoteds " Met hod and Appar at us For

I ndependent ly Controlling Each Phase of a Milti-Phase
Step Motor", which patents are incorporated herein for

Backd?g{,,p@gpﬁ]éafnvéﬁ{]&q ence. One problem generally o
associated wth such stepper notors is the possibility

of notor stall when the torque generated by the
e Ci at | pa ceeds th tor ra A further
This iphitees RESteRERT Mo st as desd bed igilaals pant
6967@'5%ntﬂ|%HGMJ|@Fhﬁeﬁor% élé&nt:fsfteﬁb’émo r%ﬁerﬁtﬂgta "

extent as to cause the rotor to | rom one
IncreasediMoton Tosque rarvl USaBatenp 6849, &ﬁ emhﬁledw“Methlodmmd as

ApparafifBo Paergaitity L SanSNnE Racndr ke poA M GER LRSE SreBy
Motort, hmaﬁ Ya@?érﬂé afe RIEOrHOTRREd héref$ fdrPIresedf fehsrenaéi Ng

of stepper notors enployed is then selected to exceed
the estimated | oad by as high as fifty percent to

one piBl. deieralnShaccinBd Ve 06n slibedh sENGR RavePoReipling!
motoristall@hen ithe torqué ljenekiieB e dusdefdtddibaaniideedd the motor
" Per rmnent Magnet Brushl ess DC Mdtor Havi ng Reduced

ratingCoggi ng" wherein the notor stator is custom
configured. To enploy a notor of equivalent | oad
rating, a feedback circuit including a digital signal

A furtrmrqxreblem ocsursiwieen thesdssietated heatl vaudestheInptresdtor to
121 ,744 entitled "Control Apparatus for Position
lead odﬁg the mpta ros‘tatogl;msygm aaextent Aspigicausedbe rotor to jump from

f ¢
one staaté E)J)ﬁﬁo t gttragg %géltlgfé{ SWhEhi€knbRh s Q8P§HLE
When such stepper motors are employed in commercial applications, the torque
load generated by the associated equipment is estimated and the rating of
stepper motors employed is then selected to exceed the estimated load by as
high as fifty percent to defer the onset of such stalling or cogging.

One approach used to defer the occurrence of motor cogging is described within
US patent 5,250,867 entitled “Permanent Magnet Brushless DC Motor Having

Reduced Cogging” wherein the motor stator is custom configured.
To employ a motor of equivalent load rating, a feedback circuit including a digital

signal processor, such as that described within US patent 6,121,744 entitled
“Control Apparatus for Position Control Motor” and US patent 7,081, 730 entitled
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usually required. In nost applications, the feedback

circuit for preventing stalling is incorporated wthin
WO b@s®et8D- not or circuit, per se, and cannot bRCT/ESH07/022788

with existing notors One purpose of the instant

oto AFSEIBA et e Pypani Rl FBRE

usuallgoequivedd and controlled on a continuing basis to
defer the onset of stalling or cogging at all tines of
notor operation. A further purpose of the invention is

In mo%tgaeﬁvlﬁf&t‘éhgﬁs %Re LUK QERfit fof Fe@%nﬁﬂﬁtsfﬂr}sqzisr @gb pofr%Fl

an exi sting notor ar tiona

withindhe skearagimogon ciemlst, peese,pqnhd ealnncﬂsbeMéd withenddiingngotons
exi sting notor to accommodate a | oad which may from
time to tinme exceed the rating of the notor. Sunmary

One ijfrpéilaeof t'F\\éQHét'a?lf‘anéﬁtlbﬁfi’éjtooérolvﬁﬁ & SlrAplet rggerﬁéﬁt"iﬁﬁé}eby

he stator and rotor of epper notor 1s ronitored
the pqsmcm @fdhelmmongotbam thet mottert stator ieemomitopask andbicontrolled on a

o TR0l T 3 AP0 BB S50 e
operafiénl ag is equal to or greater than a predeternined

val ue and an increnental encoder provides such
i nformati on |n feed back relatlon to thereby prevent

not or tor co scriprion f
A turtigttep B¢ of e REOR s G 8RR A hedpnaatare Bl Firfia
cnrcwt%ﬁ@@@ WithiArPExiSHAG enotbt Qﬂéﬁgé’méﬁ@Wﬁbﬁ ddationat be Bhamging
Figure 1 with the control apparatus interposed between

loads arrappliest, a§dﬁehl a5 [eaablifg antaxistingonotarito accomnedate 2 logd
Il 0O rque as a
whmh?n f}Bon oF Bt ors%géécp{h sa;S' g g@%ﬁ;ﬁmé?ggre 4 is a

bl ock di agr am of the control apparatus of Figure 2

adapted for the
Summary of the Invention

The lead or lag relationship between the stator and rotor of a stepper motor is
monitored on a continuing basis to determine the possible occurrence of motor
stalls and motor cogging. Digital comparators are employed to determine when
such lead or lag is equal to or greater than a predetermined value and an
incremental encoder provides such information in feed-back relation to thereby

prevent motor stalls and motor cogging.

Brief Description of the Drawings

Figure 1 is a block diagram of a typical stepper motor system;
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elimnation of stalls and cogging; Figure 5 is a flow
chart representation of the sequential state |ogic

waiz@d/osdeshi n t he control apparatus of Figure 2PCT/ES1907/022788
Figure 6 is flow chart representation of the |ag

. r I.

Figuref 2 depice e pPAEh SFHguIt 1 Wib sl o 2RES ALl el

betweBaftbe enotof eonfroliertand the rootaruriveonponent s of the
i nvention, as shown in Figures 1 and 2, the follow ng
information shown in Figure 3 is helpful to a better

Figuré/8 G agrapiictep&sehftidn oAk infdtor fdrgUe @isa fUiiiiBA & rStor
stepper notor torque output waveform 9 as a function

statordisplaeemertyper not or - st epper notor stator di spl acenent
steps. As shown in Fig. 3, a stepper notor produces
maxi mum t orque when the rotor is |eading or |agging

Figurd B%s 816X diirain lofithe ebRtPol AHRMalRDIFIGGe 2 GSPRY fr the

- lead or lag equaling 2 full 'steps, the notor is in a

eliminatioy of tallaleind eaggirg; |f the rotor is allowed to
approach a lead or lag equaling 2 full steps, the
rotor may junp to the next stable position. If this

Figureos G415 Flody e1edt fspresehativh ot thé §e§@éﬂ”fm defle teyTowsal ividthin
frequency and the actual rotor frequency may be

the contret appara@tushiigere Bi angossi bility, the rotor nust be
kept in the stable region indicated wherein the rotor
| eads or |ags the stator by or near one full step, .

Figure\bés Aoy chiet reptegentation of duag carectivmidgic gsed withig
typi cal servo loop an error signal is generated that

the Coing"ob?B%laﬂi'%ﬁfaf'gﬁfﬁ?he lead or lag of the rotor. This
error is then used to cal culate the new speed in which
the notor nmust nove in order to mnimze the error. In

Descriptionsifdhe peefdined Ermbbdingstonse or qui ck reaction to

changi ng | oads, a significant anmount of processing
Before referring to the circuit components of the invention, as shown in Figures 1
and 2, the following information shown in Figure 3 is helpful to a better

understanding of the invention.

Figure 3 represents a stepper motor torque output waveform 9 as a function of
the stepper motor-stepper motor stator displacement steps.

As shown in Fig. 3, a stepper motor produces maximum torque when the rotor is
leading or lagging the stator by a full step.

When the rotor reaches a lead or lag equaling 2 full steps, the motor is in a very
unstable state. If the rotor is allowed to approach a lead or lag equaling 2 full
steps, the rotor may jump to the next stable position. If this occurs synchronism
between the commanded commutation frequency and the actual rotor frequency

may be lost.
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is required to control the system By using a feedback
devi ce such as an increnental encoder, for exanple,
wao bh@spdssti on of the rotor can be detected. ByP&nuUsiong022788

the rotor position and commanded position, the | ag
(the rotor trailing behind the stator) can then be
calculated. As long as the calculated lag is equal to

To eliminéteslmstpmmbdnye thel rotartrepsttbeekepttio thevstdble cegiom irdicated
rotate Sé ron us to the %(yplled comTu ation

e
whergin therotacle 5,9 143 | esstafer byrer ngasane | ﬁewherﬁev?he
motort\,bliﬁtﬂrg(?lggﬁ Fn%xl?ﬁﬁﬁhok&h r the rotor may enter an

unsta ocation at which tinme cogging may occur, or
the notor may stall. A stepper notor noves in di screte

In @ i BB IoRB AP OORRA LS GSHLORHBR L GeRhp BN to the lead

or lag B VISTERbr. THIE effBF 7 thehl s gr a‘F%Lhé(tefthB'r{é%v 8 hﬁwhlch the
dependi ng on the magnitu e current change and

motortmestl ma\de apprdesdo mmmmeerim erros Hafa system neediegrfastal

respo§PS B GliskiRactatl & SHadifa s, 8anifcdnt amaullids pxptessing

is reqGifePtd 66frdidh&sgstenst eps per full step. Upon
commut ation of the stator, the position of the rotor

to the stator is observed As a lag starts to occur

By usi AR R Pl B8 a9, 8F 13 BlvEnia st ol Grample. the

positidte6figR roforBarebé H@tddt@di Bspnhda\ﬁmﬁttﬁetrbt%r%ﬂfon arite

rotor will start to rotate. As the notor rotates, the

comm@inded pasiiongthe [ag the rotar traunwe&mwlé@nstam) can dembe
calculrﬁget%g I%'rsanﬁg ;élgqfié %gicﬁfteh ‘?5@ saé%ﬁéﬁ Ié%o@] }Qﬁﬁnful!{lg%ﬁ the

remal ns

motorawill kehtimue twratate 9ynchsoricuscto. thbfaptdned cd:ekﬁrau%bwebfrnhé ey
rotor and the stator reaches 11 counts, the |l o

excee&ﬁmneefa"tsbemﬁh% statasmyst wiat fgF the witor tesateM, eptq;rt'a% gotor
may el?'u‘g%r‘ éori;"gh&a e IBESH@Q %ﬂmﬁﬂg QQF\?‘%W&‘EUF & tﬁé"ﬁ%tor

must count’'s or | ess.
may stall.

A stepper motor moves in discrete steps, as the current is changed in the
windings, to create either a clockwise or counterclockwise movement.

The motor will rotate by finite amounts depending on the magnitude of the
current change and the load applied to the motor shaft. The incremental encoder
described herein provides 10 pulses per full step and the waveform used to

commutate the stator comprises 10 micro steps per full step.

Upon commutation of the stator, the position of the rotor to the stator is observed.
As a lag starts to occur between the rotor and the stator, a torque is produced.
As long as the torque exceeds the amount needed to move the load applied to

the motor, the rotor will start to rotate.
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When this occurs in a lag condition, the conmutation
of the stator is stopped and held at the | ast current
wo ewslosgB8Vi ng the rotor the opportunity to catPREI/UR007/022788
Wien the delta between the rotor and stator drops to
10 counts or below, the stator comutation wll
continue as long as the count remains at 10 or bel ow.
As the madtberotatest thef différarnceagrdidelta’sincieemts betwaeat therroter and

statorfp gPdafch Asdond 5qns Elateweat theidlpr ae SEtgpphainat 10
countg SN 39(564; bEBelb, h%Véiiftif%ﬁ;% :teﬂ(@nt. mhﬁm%@ee? r’%ge rotor

irection of rotation. owed to conti nue,

and thepstatontiebthes afl tcouotsythve laadoapplieddoanoton hiaatiezome greater

osition, Lf this, occurs the rotor may j tp the new
than 8 3oy ayalipbls P OnB RNy Pulan s ) AdddhE rofhrday ppRec
must B€ brSlidHtHaRR a0 MOCEsunts$ P ldss, t aken opposite the

conmanded direction. This will realign the stator to

within 11 counts of the rotor after which the

i i { , . t. i t,h t.h
WhenGBETHEC faig0 ShRRRER, ihR e Pt haRtAtaT festioRpeg and
held at & (a3t eurrent !_”ebél ?i_\?l#gt t_h'brr@td??!ﬁ@%pb@rtﬂlﬂit)rlftdcétcﬁtdb? Wﬁen
the reverse direction is again nmade. A'lead condition

the deitarketween the soler agdisiatos daers o 1Q caumisiasbelows theestatoy .
comm‘g‘?%fogq‘;wgld&oﬂt@pg 451eng gq%g"hefc%h nt fErhding dt g@s?%}%ISW? It RS

ece or a

count@fdndaagdin leachiet emratgiohvll lodiceragain btopewditihg fotie
the stator. As in the lag condition no action is taken
rotor tgiat¢h HRe | ead count exceeds 10 (one full step), which

e BERELT A ) 1556 (0P B ol i nat oS Bl
reverse foqpi thg donemanded diaection of rdtatien.df slfowed talcomtinues; dius e

rotor ST EOMALE, SpFeT A BRUADIEREP LI (Y2 GHS 43S 9108 may
jmp (AP ST IUTLOSMS ARUIE o ALY loh S
one micreatep imtaken opposite the commanded direction. This will realign the
stator to within 11 counts of the rotor after which the commutation is stopped, as
above, until either the count drops to 10, at which time the commutation will
continue, or the count increases to 12 and a step in the reverse direction is again

made.

A lead condition (the rotor leading the stator) is handled differently. Lead
conditions can occur for various reasons such as a high deceleration rate, or a
load becoming decreased. In either case the rotor will tend to lead the stator. As
in the lag condition no action is taken until the lead count exceeds 10 (one full
step), which produces the highest amount of torque. Unlike a lag condition,
however, the stator is not stopped because stopping the commutation of the
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undesirabl e junp ahead to a new stable position
causi ng cogging, a mcro step in the commanded
wa@lReens468N i s inserted. This will advance the BCHUS200T/22788

within 10 counts keeping it at a position of maximm

{
stator Jod8 i bl T R SRt RErERERAGIS itcr Fca i fidtor
torqué.n elther case of lead or a forced notor reversal, by

hol ding the | ead and | ag position between the rotor

and stator respectively, a breaking force is applied

If the F&OF Rad &t uhfré GL% Cte%éiﬂ'tw] :?lg?])li?ﬁgn tr'rtfb}?gg alggﬁeu as

becone greater t e'tor
preveohﬁwbnoéordforprejdemgt gn LBrﬁt&tIIeI logatiancwhithemay lta¢ate an
mai, Nt ai ns en the conmanded steps

| fference bet
undesifAsts fs ehedd to gy S 12 PRBToR GAHEING PG, oD Step i
the cdthindftied (@ cliBh @ﬂsgﬁéer'rﬁ%%n%'ﬂ@iaﬁcéﬂ{e ¥kST t V\E%ﬁun 10

positioning system By injecting st eps
counts keepingst at a position rdf msaximuen tarque, a\'uWhlcbdmme then to the

com LT st B st lopd s lealf e, Bl P

belowaccel eration and velocity of the notor due to the
injected steps if required. The difference in steps
can al so be saved and nade available to the

in it X5 1dH BEX 1iBeb mblor réydtedlh BY tibg Hle lediand tag
positiéh BeRsr theSlotisradrid §t&tbrﬁb§?e&ﬂ/eﬂ$ﬁ'éeb@bﬁﬁlgtﬁréé1§' ép’ﬁll%d to

that the stator is in a holdi n% pattern waiting f
the rotarhelpingtocontrat thie load wiieh has besemedargiatear tham thmtorqae

which*;tiggrﬁ% F?snc%; Z%BEB%% ed signaling that the rotor

e specified tinme indicating
that a locked rotor condition exists. If the |ag

tween the rotor and stator increases by anot her
By adéw\gna cognter firimaiataine thdifeseree betisendnenosymanded steps
t i .
an {25 B Sfs AR g A S MR B
hereim\béderlhasraxbwltlmng Bl stdne.By injedting losSsteps when theadtor is

withinﬁ{r(rlgf’st@?ﬁe ?nostci)rq vr?/ﬁl p(;:s?t?onb'?o %ncec;n?rtn%ﬂdteg 6}1turr|tt;1edrI o(t‘asttgés.t\/haeriable
timing can be used between the injected steps to control the maximum
acceleration and velocity of the motor due to the injected steps if required. The
difference in steps can also be saved and made available to the controlling

device if it is preferred that the controlling device is to maintain position control.

Diagnostic signals can also be generated to indicate that the stator is in a holding
pattern waiting for the rotor to catch up. When connected with a timer, a signal
can also be generated signaling that the rotor has not advanced during the
specified time indicating that a locked rotor condition exists. If the lag between
the rotor and stator increases by another count, a signal can be generated that
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was advanced with respect to the incomng step conmmand

i ndicating that the applied torque by the | oad has
whewsneiegT eat er t han the torque which the npt oPCT/HS2007/022788

produce. The invention is best understood by now

md.ca'ié‘é ﬁfe; foRSF s Fehz%réé%l irdt Eh&%ﬁ?ﬁf&'{pﬁgg F}ﬁ%@g abA‘{ the load

st epper notor arrangenen
has béccgmeegreamr mhlérathet tmrqmmwmtﬂfsmel rhetbricangfrodaocent i oned
US patent 6,967,425 wherein a notor controller 11
generates the step pulses and direction signals

In the%%@r\hé}%da Radl d:Béts a%%rﬁéﬂeuh'b%s%émﬁafw $hap Hﬁj;]ﬂ&téé ebator

to the notor driver he not river
was agearced withtraepecttodibaincomiag gtep somnmamﬂlrﬂmalling\that the

appiefoRus oY T o s berarte afeatet Hiprribedo o hBist e dBgtor
can pioRfeRd. and direction. A simlar stepper notor

arrangenent 10" is depicted in Figure 2 with the
control apparatus 17 of the invention |nterposed

e WOEHIERIbS6, TR ER bt Feadlh FR. BB Bel0 12

and 482, which contains the power devices used to commutate
the notor 14 via encoder 13. The control. apparatus 17
receives pul se signals generated by the encoder

A ypitgl S EBhor Rl iy s Hepiled i PichS, SR b

describéd i forenntidhed S patart 61967 425 Yhareitpd hidtoPEorstrdllers11
and coggi ng, as descri bed earlier, is shown in detail

generatesithe slep pulgestandcdirediiontsignale deseribed gadigr.cancisupplies

I
e p 57l DO oD D2 1RERABESR G P Mrerape
the coamqutatiod sigmaislrmededrmaﬁriaéohe enstoephadés Withinnglotat 14, via
he |le |slessthan orkﬁqreater than t he

when t .
encodgl igneResiag the Frate " S5 da reRpts [eacitf at era@anded
speed®fiBREctidh. A sequenti al

A similar'stepper motor arrangement 10’ is depicted in Figure 2 with the control
apparatus 17 of the invention interposed between the motor controller 11 which
produces the commanded steps and direction, and the motor driver 12, which
contains the power devices used to commutate the motor 14 via encoder 13. The
control apparatus 17 receives pulse signals generated by the encoder indicating
rotor positions along with the commanded steps and direction signals from the

motor controller 11.

The control apparatus 17 for elimination of stalls and cogging, as described
earlier, is shown in detail in FIG 4.
A delta calculation element 18 calculates the positional lead or lag between the

rotor and stator within the motor 14 of Figure 2, and inputs the acquired data to a
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state logic elenent 2 1 receives the input fromthe
conparator elenent to take appropriate actions based

wo@rooBhetepnsi tional difference between the statPCT/ES907/022788
rotor within the notor 14. The operation of the

compRfibt QA9 Agitatd InBfi e WHIFGSRET 1438 theh Sgrbfter

F ot of acenent
than the gstalflishedl liofitsFsuppliedbyathe datpstrage @lémenloio IAeequential

e B AR S YT ot b e
approgﬂafé“&t:tlmfs%aﬁd' dﬁfhéﬁosnﬁ?ﬁaé%r%ﬁgg %%%Wé’én ek

lenment 2 1 of ure 4 sta IS agvance
rotor wighiorthe pastot i14n. ThIS sequence will repeat for every 4
full steps presented to the notor drive 12. One
encoder step indicates that the rotor position has

The oseaamobfkthe %BﬁtrbﬂﬁﬁﬁéF%MS 1T bégtllﬁmo%?&eea 'H‘?lr}tefethS now to

not or driver Figure 2 operates In
Figures 2+do- st epper rmde of 10, that is, for every 10 steps

The rdgESfle Sé*snféc‘s&%ntﬁ&é’paﬂ%w’ﬁ‘sﬂ&e 3488 inreaantalivg of the
delta bétweiBthbalontanded stitbt pasifien aPE the '&%’f‘uatl ‘PotB'f P@Eﬁ@nlo
encoder st eps for a rotor novenent of one not or

Whenga &4l step is prasenied to theaootardrivesfi2pvipdhe rsequemalmhate Iogic

clomeff? P of Fiduie2t PR TGP Blaran® arbBrsd By e AR R s

sequeticElviill egpetifoneesry 4 A stepdblesehied fPiHeameRIrGdivat i 2n
el enent 18, shown in Figure 4, utilizes two inputs

One qmdeiét%ml@éﬂ%ﬂaatébe 6oter easiion heschangedry eme i nput

e e R T e

mwro-lSﬁpremdé be 10 othiat isy foradverire Ors1ées préseited tdthe Mbesr
t her ei n The second input to the delta cal cul ation

drlverélp%ﬁ-’gﬁgr wil besadyansadiere fillemetasistemd direction signal s
The ehESUBA 1isSHRM hahtat bAESdLARIing 506 MeLtolproduce 10

encoder steps for a rotor movement of one full motor step when used with a 200
full step per revolution motor. It is understood that the control apparatus 17 will

operate with different motor step ratios and different encoder line counts.

The delta calculation element 18, shown in Figure 4, utilizes two inputs 18A, 18B
and generates one output 18C. The first input to the delta calculation element at
18A provides encoder signals from the encoder 13 in Figure 2, which represent
the position of the rotor within the motor 14 therein.

The second input to the delta calculation element at 18B provides the step and
direction signals from the sequential state logic element 21.

The delta calculation element output at 18C provides the delta, hereafter
“difference” in counts between the rotor position and the stator position,

representing rotor lead or lag, which is inputted to the comparator element 19.
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The delta cal cul ati on el enent output at 18C provides
the delta, hereafter "difference" in counts between

W@ b@sste8T position and the stator position, PCT/US2007/022788
representing rotor lead or lag, which is inputted to

The chfoalréfdh eldthdc f3 etninie’ WREte? The i Cor 1BOTTRNE (oldy 15 of
Figuré-R2ds geeater ﬁwagrthet&stabllshedtIlmitsepr(orlmtde'dSﬂwdeldorlfhplta?ator vi:—.‘12 Sata
rovided to the c arator via data storage el enent
stora%na'emﬁfﬂ@%n WHU%ngv%m?%rmatiqmil £3tie Srwhpiben the eae or

. | . i 3 | i 't .t .1
s S ik 8 1 seffl b de iRy SECNAR itk 5158 o
lag heaein aretsediat #10 fovleadeardl and forllagfsochthat, anadutidfidimitsdead

condiffif saeicafed g Yesiintal ¢l odiaSRmar e bediterenge is
equal?8 %gbréétep_fheﬂf £ ﬁhdtafﬂ%hti’ofjlﬁni?g‘%lg%rﬂ‘iﬂdrpﬁjhdiﬁhfeﬂl \Jvtﬁgn

condition is indicated when the difference is equa
the diierenceds enual to arlessithesy d1 h@ogordihglysequent i al st ate

| Qgi G el 2 1 t ' ts 2, 1A 1B ,and
The g8t sEE o' oL Eeipdi ebinbic 16 218 apde
generafsy GRS 8dtpeit anambd!m@c’:pio%@! eaommaAYEY %ﬂeépan& he

motor controller 11 in Figure 2 and input 2 1
directioacsignals prodded By the metgr cantseliritiloin FSapre 2 andipput1B

econ SR TGP R R BBl remRie L 8 bp ekoes

earliet.he notor driver 12 of Figure 2 for correcting the
novenent and direction of the notor shaft 15 extending
The optyh 2l fePrivides cofrespendingnsteptandsditgctiongianals tathe metor

Lt ' L

ariver P2 bk 5 U D BLSB a4 oo SR S gt s

15 extending femitthematot 14aEndcrahsmits sagh siymalsback wiplel delta
betvveian the notor rotor and notor stator to prevent

calculafien elegpent 18,100 A RBOMNYIAIMASIH e 5 and operates as
follows: The main loop (23) instructs the delta
calculation elenent 18 in Figure 4 to obtain delta,

The flowrabairt 22 witbin thensetentigl states logiosectiom2 + foricontrotlimgthe

relatio%%Hf?)t t?étmfere%%te t}ﬁ}otor rotor and motor stator to prevent motor stalls is

shown in Figure 5 and operates as follows:

The main loop (23) instructs the delta calculation element 18 in Figure 4 to obtain
delta, hereafter “D” consisting of stator counts minus rotor counts, from the
encoder signals at (24) and a determination is made as to whether D is greater
than 10 counts (25).

If the D is greater then 10 a lag condition exits, which must be corrected (26) via
the flow chart for lag correction (26') shown in Figure 6.

If D is not greater than 10 counts a determination is made as to whether D is less
than -11 counts (27). If D is not less than -11 counts the commanded step and

direction data is allowed to pass to the motor driver 12 of Figure 4 (29).
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tion exists, the stator is nove
the motardsivet 43, oftFI@JreeQmanded step and di rect| on data is

not .al dto SS e notor. dri 12 and a
The g otfi fTas RO 2wk igbre b and sneiaiasiaine
fonow,’h]g anAks (27) before the commanded step and direction
data is allowed to pass to the notor driver 12 of

The cgn‘gnmdeﬂ steprand disgctiomfunctien isl stgpped (:s(t)tarmtr(ezsiaoor

commAeh s Skt B0 8ER ol a Pelettin o atBlbs an D s

againvbesined (830) and the stator commutation is stopped
(31) to allow the rotor to catch up to the stator and

A detewmleafa@mrmade asrteavhegber DAs geeatenthan 10 gousts(@3p Ihaot, a

g By BE R, Sy BERD Ll G4 s i B

the congdanded atBednd difeciidn signabinpbetchi@mbes drivegp and
direction signal input to the notor driver. If Dis

If D igygreaten thans q@drﬁa@fﬂ@termlmm isimade thwhethrrd ig greater
then 1"’!’1@6% %? qise%t?%re%@ﬁh&& 1994 ngs rf@tag!r Gonti geg% be

greate stator con

stopped (dPexhd Bl agaih ﬁbtamag(agm obt ai nedh(32)11 If Dis .
. greater, th 10 counts an reater than counts, e
If D isgyrgalef than 10 &epgtsoaﬁer%t%rr thbCQ%§ thestatar és rysrsed

one nf&tb&t8 ¢36)3#nd D is again obtained (32).
If D is greater then 11 counts, the motor is rotating in reverse and the stator is

reduced by one micro-step (25).

A simple arrangement for controlling motor rotor and stator operation for
preventing motor stall and cogging has herein been described. The above
method indicates the use of a 2-phase rotary stepper motor, however any
multiphase linear or rotary stepper, or brushless motor can be used.

Although a 500 line rotary incremental encoder and a micro step resolution of 10
micro steps per step utilizing a 200 full step per revolution stepper motor are
disclosed, different encoder types and counts as well as different micro step

resolutions can be used to achieve a similar result.
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If Dis greater then 11 counts, the notor is rotating
in reverse and the stator is reduced by one mcro-step
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and stator operation for preventing notor stall and

Claim&099i ng has herein been described. The above nethod

I ndi cates the use of a 2-phase rotary stepper notor,
hovvever any multiphase linear or rotary stepper, or
s motor can be used. Although a 500 line

shI
Whatl‘sb‘t: ‘?l‘?trerrent al encoder and a micro step resol ution

of 10 mcro steps per step utilizing a 200 full step
per revolution stepper notor are disclosed, different

. ehaoetbodtfgpesntaoiing: cotatien af awdéppersndidr icenprising theosteps

%tep resol utions can be used to achieve a simlar
sult.Cainms What is clained is: 1. A nethod for
Cdértéfrﬁulnkddlﬂatét%r?él ip@Ritidh ¢F SERRIGEIANEW acr%"l?rr WithiRG t he
steps of:” determning rotational position o stat or
refeppenmotay anftlououslwupmnrromtmecpfmd muitor; and

cont.i.nuously ugon .rotatio tor and del ayi ng
by PgToRteofoSat 3o Whed 2 it PeSosplnised amauat s
ageRidedarfi GaRARR0AA s%@idistra@ér%r bg&%uﬁﬁpéﬁéﬁrﬁéﬂe bPsaid
opti mum performance of said notor. The net hod of
anatan 1 i ncluding the step of increasing rotation of

said stator by said first predetern ned anbunt when
said rotor |eads said stator by a second predetermn ned

2. anfmlriethéd BRCMHIA 1 ikcliding Rhé Btep 6Dhefeddfd RItaRGIF Bf said

The method of claim2 including the step of reversing

reataribyrsaid fistindedeterminaslamoyatwhan seistieter igads ¢aid stator
a:SKPH '%tecgﬂ& rﬁré‘(?étgrrﬁﬁ%tdoémhalqtstosrﬁbﬁj\télﬂts%ld optimum motor

performance.

. The method of claim 2 including the step of reversing rotation of said

stator by a second predetermined amount when said stator lags said rotor
by a third predetermined amount to maintain said optimum motor

performance.

. The method of Claim 3 wherein said motor rotation defines a total number

of steps whereby said first, second, and third predetermined amounts

comprise one of said steps for said optimum motor performance.

. A circuit for providing optimum performance of a stepper motor

comprising:

a rotor-stator control circuit interconnecting between a stepper motor
controller, a stepper motor driver and a stepper motor, said stepper motor
defining a total number of steps per rotation thereof; and
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by a third predeterm ned anount to nmaintain said
opti mum not or performance. 4 . The nethod of Caim3
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steps whereby said first, second, and third
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sal .d opt I mum not or perfornance. . Acircul or
psaidisieprerapotaniagspa statonwithin sdid stepreypaoctarblydess than or

conpr,i.sing: rotor-statoy. control circuit

| R UR BB S Slarden ORtTVER SlePPRE MRt BRFPIIANGS.
stepper notor driver and a stepper notor, said stepper
not or defining a total nunber of steps per rotation

6.t hbe sotyit ah Glaams whierginrsaidineanst withistsaid rotoostator control

ci.rcuit for.insuring a,rqtor within said st er notQqr
e A8 TS mR Brirdedts Shbre il B Tess PSSR aal to
Ogaif Bl stbp fNeailloptitiin Stéiserimbtop Pbmkrﬁhﬁé@.pper _

not or performance. 6. The circuit of Caimb5 wherein
said neans within said rotor-stator control circuit

1 10 oLl 8 Shferel Baic BRSRa Rl 54 BlopRfptoT EBntrol

stirquiEihcliees randifEfeMhéMarencdder. The circuit of Caim5
wherein said neans within said rotor-stator control

circuit includes an increnental encoder. 8. The

TPl b Fldfi® WS RQRE stbbatq bl i des o

opaiCofitompardtersi n said rotor-stator control circuit
further includes neans for determning a difference in

rotation position and direction between said rotor and

-oThec ot of cialh 3 MBI reteh Skl ol R,

uisetidesmears fdrydetéraviningea differsncem roddtiorgposition and
direction between said rotor and said stator.

10. An adapter circuit for allowing use of a stepper motor having a maximum

motor rating to be used temporarily above said maximum rating
comprising:

a rotor-stator control circuit arranged for connecting with a stepper motor
for receiving positional status of a rotor and a stator within said stepper
motor;

a delta circuit for determining a difference in rotation position and direction
between said rotor and said stator;

a pair of digital comparators connecting with an output from said delta
circuit for determining lead or lag status between said rotor and said
stator; and

a logic device connecting with said comparators and with a stepper motor

driver, said driver providing operating current to said rotor and said stator,
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controlled to lag said stator by a fixed position to
avoid stalling said stepper notor. 11. The adapter
1201I'ﬁé léprer circait B Efaik ¢6 %\h‘?éréﬁil daitf &bfYr i Eoﬁf?@lieroofd 184d
ag said rotor by salrd tixed position to avo
csaggmg)rbmsﬁldf Emaposmtondo avbid cd'ggangt:tapt stepper mmltd:r of
Claim 10 whereby said stator is controlled to | ead
said rotor by said fixed position to avoid coggi ng
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0O wherein said delta circuit includes an i ncrenental
elncmental encoder.
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